
Adsorption (Ch 12) - mass transfer to an interface 
(Absorption - mass transfer to another phase) 

•  Gas or liquid adsorption (molecular) onto solid surface 
–  Porous solids provide high surface area per weight (porous nanoparticles are ideal) 

•  Gas applications (adsorption a function of P & T, gases condense in pores) 
–  Vapor recovery; air, natural gas purification; H2 recovery 

•  Liquid applications (adsorption a function of C & T, pores already filled) 
–  Organics from water; solvent dehydration; ethanol recovery 

dp 



Adsorbents 

•  Desirable traits 
–  High selectivity and adsorbate capacity (high surface area/weight) 
–  Favorable kinetic and transport properties 
–  High chemical, mechanical, and thermal stability 
–  Free flowing (can fill voids and pack well) 
–  Low fouling and easy regeneration 
–  No side reactions (catalytic?) 
–  CHEAP! 

•  Common adsorbents (spheres, pellets, granules, flakes, etc.) 
–  Activated carbon – Microcrystalline, dp = 10-60 Å, Sg = 300-1200 m2/g  
–  Zeolites or molecular sieves – Crystalline aluminosilicates, precise pores w/ dp 

= 3-10 Å, Sg = 200-500 m2/g 
–  Silica gel – dp = 20-50 Å, Sg = 600-800 m2/g 
–  Synthetic polymers or resins 



Adsorption Isotherms 

Plots of q vs. c gives  constants 

• E.g. 1/q vs. 1/c, Langmuir 
• For gases, q vs. P/Po where P/Po 
is degree of gas saturation 



Differences between gas and liquid adsorption 

•  Gas adsorption 
–  Fast mass transfer 
–  Concentration (and adsorption) determined by P and T 
–  Adsorb as monolayers, multilayers, AND condenses into liquid within pores 

due to high capillary pressures 
–  Removing adsorbed gases (regeneration) through P & T swings, gas purges 

•  Liquid adsorption 
–  Slower mass transfer 
–  Adsorbent pores already filled with liquid 
–  Adsorbs primarily as monolayers 
–  Regeneration by T swing in conjunction with liquid purge 
–  Adsorbents can be less selective and competitive adsorption between 

components is critical 

•  Adsorption isotherms equations are same 



Five types of gas or vapor adsorption isotherms 

Unimolecular adsorption on surface 
(monolayer) 

Multimolecular 

(multiple layers) 

Multimolecular + condensation 

(gas condenses in adsorbent 
pores due to capillary pressure) 



Examples of adsorbents and gas or vapor isotherms 

Seader & Henley: ammonia on charcoal (carbon) McCabe & Smith: water adsorption 
in air from 20-50oC (i.e. humidity) 



Pressure-swing gas contacting mode 

Pressure swing using activated alumina (Al2O3) 

q 

Pads 
(high q) 

Pdes 
(low q) 



Temperature-swing gas contacting mode 

Inert-purge gas and displacement-purge (e.g. steam) are also options 

q 

Tads 
(high q) 

Tdes 
(low q) 



Example of liquid adsorption isotherms 

McCabe & Smith: trichloroethane (TCE) and chloroform (CHCl3) adsorption 
from water using Ambersorb 563 and granular activated carbon (GAC) 



Hypothetical composite adsorption isotherms in 
binary liquids  

A = solute 

B = solvent 

No solvent 
adsorbs 

Most solvent 
adsorbs 

Amount of A 
in adsorbed 
layer of A+B 

If B adsorbs, then xA
0 

can be > xA 



Contacting modes - liquids 

Temperature, liquid-purge, and gas-purge can be used for regeneration 



Batch adsorption – Example 12.2-1 
(used when amounts are low or high-value) 

•  Removing phenol (cF = 21 kg/m3) from waste water (S = 1 m3) using 
activated carbon (M = 1.4 kg, qF = 0) 

–  Relationship between q and c is needed (e.g. Langmuir isotherm) 
–  Where do equilibrium and material balance lines intersect? 



Batch adsorption rates in liquids  
(E.g. Slurry adsorption, Seader & Henley, Ch 15) 

•  Mass transfer resistance in liquid phases is critical (fast in gas phases) 



•  Liquid feed and solid adsorbent fed continuously into a mixing vessel 

Continuous adsorption rates in liquids  
(E.g. Slurry adsorption, Seader & Henley, Ch 15) 



Fixed-bed adsorption columns 

•  Mass transfer resistance is important and often unsteady-state 
–  Equilibrium AND rates control design and efficiency 

Describes relative concentration profiles 
vs. bed height and time as bed becomes 
saturated.  
How long can this bed be ran before it 
needs to be regenerated? 

Describes breakthrough concentration 
profiles in fluid at bed outlet. Time tb (i.e. 
concentration cb) denotes breakthrough 
point.  
A “steeper” mass transfer zone means 
that more of the bed is used for 
separation. 

cb 

Mass transfer zone 

tt 



Design & scalup of fixed-bed adsorption columns (see E.g. 12.3-1 

•  The mass transfer depends on the adsorption isotherm, flow rate (i.e. 
residence time), and mass resistance  

–  Experiments are needed to determine concentration profile within bed and for scale up 

Total or stoichiometric capacity of the packed bed 
(shaded area)  

Usable capacity of the packed bed 

Bed height    Unused bed height 



Finding HUB in the lab – Seader & Henley 

When A can be 
detected in effluent 

tt 



Gas and liquid chromatography 

•  Liquid primarily, but also gas 

1.  Solvent or carrier gas 
continuously fed into column 

2.  Feed mixture and recycle is 
pulse-injected into column  

3.  Timer splits effluent into 
different streams 

4.  Each stream enters a 
separator (e.g. condenser, 
distillation column, extraction) 

5.  Solvent or carrier is cleaned 
before recycle 

 *Separation achieved as 
solutes are collected in 
different portions of the 
column and are eluted at 
different times 



•  Continuous countercurrent adsorption of a dilute feed 
•  Desorbent fluid used for regeneration (no P or T swing, just P differences) 
•  Linear equilibrium relationship (q=Kc) 

McCabe-Thiele method for adsorption/desorption 



Ion exchange closely resembles liquid adsorption 

•  Ion exchange adsorbents are mostly polymeric resins 
•  Similar equipment and liquid-purge can be used 

Cation exchange resin (H+ leaves)  

Anion exchange resin (OH- leaves)  

Generic expression for metal cation A 



Ion exchange  

•  Equilibrium relationships (e.g. cation exchange resin) 

•  Relative-molar-selectivity coefficients (2 cations A and B, e.g. Cu2+ and H+ 
in Example 12.4-1) 



Large scale ion exchange using a fluidized bed 

1.  Feed enters bottom, travels 
up column 

2.  Feed fluidizes resin, which 
moves down the column 

3.  Resin washed with water and 
then a regenerating fluid 

4.  Final resin rinse before it is 
added back to top of column 


